The genus Paenisporosarcina was created by Krishnamurthi et al. (2009) to include Gram-positive rods and/or cocci, which are strictly aerobic, catalase-positive, non-motile and form round endospores in a terminal or subterminal position. The major fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 and C 16 : 1 v7c alcohol, MK-7 and/or MK-8 are the major menaquinones and the cell wall peptidoglycan is of the A4a type and contains L-Lys-D-Asp. The members of the genus have diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), an aminophospholipid (APL1), an aminolipid (AL1) and an unknown lipid (UL4) as the major lipids. A survey of the above traits among the closely related type strains of Paenisporosarcina macmurdoensis, Paenisporosarcina quisquiliarum, Sporosarcina antarctica and strain PN2
T indicated that they are variable. For instance, the peptidoglycans of P. macmurdoensis and P. quisquiliarum contain L-Lys-D-Asp whereas S. antarctica (Yu et al., 2008) and strain PN2 T contain L-Lys-D-Glu. Furthermore, PG is absent in strain PN2
T and iso-C 15 : 0 is present in low quantities in S. antarctica. To accommodate these differences in the above closely related species, the genus Paenisporosarcina needs to be emended. The genus presently contains two species, namely P. quisquiliarum (Krishnamurthi et al., 2009) and P. macmurdoensis (Reddy et al., 2003; Krishnamurthi et al., 2009) . In the present study, strain PN2 T , isolated from a soil sample collected near the Pindari glacier of the Himalayan mountain ranges, India, was subjected to polyphasic taxonomic characterization. Following the minimal standards required for describing new taxa within the aerobic endospore-forming bacteria (Logan et al., 2009) , strain PN2
T was identified as representing a novel species of the genus Paenisporosarcina and named Paenisporosarcina indica sp. nov. In addition, based on the morphological and chemotaxonomic characteristics, the species S. antarctica was reclassified as a species of the genus Paenisporosarcina and named Paenisporosarcina antarctica comb. nov.
The Pindari glacier is situated between the snow-capped Nanda Devi mountain peak and Nandakot mountains of the Himalyas. The river Pindar originates from this glacier. In an attempt to fingerprint the bacterial diversity of Himalayan glaciers Shivaji et al., 2011; Srinivas et al., 2011) , as part of an ongoing project, we have described several unique bacterial species (Chaturvedi & Shivaji, 2006; Chaturvedi et al., 2005; Shivaji et al., 2005; Reddy et al., 2008a, b; Reddy et al., 2010; Pindi et al., 2009; Kishore et al., 2010) . Besides our own studies, there have been a few more reports of novel species of bacteria isolated from Himalayan glaciers (Ghosh et al., 2007; Singla et al., 2005; Mayilraj et al., 2005 , Mayilraj et al., 2006a .
In the present study, strain PN2
T was isolated from a soil sample collected close to the Pindari glacier of the Himalayan region at an altitude of approximately 3500 m, as described previously (Reddy et al., 2008a) . Based on the colony morphology, a red-pigmented bacterium was picked up, purified and maintained on nutrient agar (Cat # M002, HiMedia laboratories) plates. Morphology was studied using light microscopy and transmission electron microscopy (Reddy et al., 2008a) . Light microscope used was Model: Axioplan 2 imaging system, Make: Carl Zeiss. and transmission electron microscopy Make: Jeol Model JEM-2100. (Reddy et al., 2008a) . Motility was assessed on 0.4 % nutrient agar plates and also by light microscopy. Spore staining was done using the Schaeffer & Fulton's spore staining kit (K006-1KT; HiMedia laboratories) according to the manufacturer's protocol. Growth and biochemical characteristics, carbon assimilation and the sensitivity of the cultures to different antibiotics were determined by previously described methods (Lányí, 1987; Reddy et al., 2008a; Smibert & Krieg, 1994) . Biochemical characteristics were also double checked with a Hi25 Enterobacteriaceae identification kit (KB003) and HiCarbohydrate kit parts A, B and C (KB009; HiMedia) according to the manufacturer's protocols. All chemotaxonomic characteristics, such as fatty acid methyl esters, menaquinones and peptidoglycan amino acids were characterized as described by Komagata & Suzuki (1987) , Tamaoka (1986) and Reddy et al. (2008b) . For analysis of cellular fatty acids, strain PN2
T was grown on trypticase soy agar (TSA) (Cat #M290, HiMedia laboratories) for 48 h at 20 u C. Fatty acid methyl esters were extracted and analysed by the Sherlock Microbial Identification System (MIDI) according to the protocol described by Agilent Technologies. Polar lipids were extracted and analysed by two-dimensional TLC according to the procedure described by Komagata & Suzuki (1987) using chloroform : methanol : water (65 : 25 : 4, by vol.) in the first direction and chloroform : methanol : acetic acid : -water (80 : 12 : 15 : 4, by vol.) in the second direction as the solvent systems. Total lipids were detected by spraying with molybdophosphoric acid (5 %, w/v) in absolute ethanol, phospholipids with the molybdenum blue spray reagent, aminolipids with ninhydrin spray (0.2 %, w/v) in acetone and glycolipids with anisaldehyde reagent.
DNA from strain PN2
T was isolated using a Microbial DNA isolation kit (Mo Bio Laboratories). The 16S rRNA gene was PCR-amplified and sequenced as described previously (Reddy et al., 2000) . The almost full-length gene containing 1518 nt [nucleotides 7-1522, according to the Escherichia coli 16S rRNA gene sequence (J01695)] was aligned with closely related sequences belonging to the genera Paenisporosarcina, Sporosarcina, Bacillus and Planococcus using CLUSTAL W (Thompson et al., 1997) . Pairwise evolutionary distances were computed using the DNADIST program with the Kimura two-parameter model as developed by Kimura (1980) . Phylogenetic trees were reconstructed using four different tree-making algorithms (neighbour-joining, minimum-evolution, maximum-likelihood and maximum-parsimony analysis) using the MEGA 5 software package (Tamura et al., 2011) . Bootstrap analysis for all the phlogenetic trees was performed employing 1000 replicate datasets in order to assess stability among the clades recovered in the phylogenetic tree. DNA-DNA hybridization between strain PN2
T and P. quisquiliarum SK 55 T , P. macmurdoensis CMS 21w T and S. antarctica JCM 14646
T was performed by the membrane filter method as described previously (Pandey et al., 2002; Reddy et al., 2002) . P. macmurdoensis CMS 21w
T was used as a reference strain for comparing the peptidoglycans, lipids and menaquinones.
Cells of strain PN2
T are red-pigmented, Gram-stain-positive, rod-shaped ( Fig. 1 ) and spore-forming, contain anteiso-C 15 : 0, iso-C 15 : 0 and C 16 : 1 v7c alcohol as predominant fatty acids, MK-7 as the major menaquinone and L-Lys-D-Glu in the cell-wall peptidoglycan. Based on these characteristics, strain PN2
T was assigned to the genus Paenisporosarcina (Krishnamurthi et al., 2009) . In addition, the BLAST sequence similarity search (Altschul et al., 1990) and EzTaxon (Chun et al., 2007) analysis based on 16S rRNA gene sequence confirmed strain PN2
T as a member of the genus Paenisporosarcina with a sequence similarity ranging from 98.5 % to 99.0 % with the other members. Among all the species, P. quisquiliarum SK55 T (Krishnamurthi et al., 2009) , P. macmurdoensis CMS21W T (Reddy et al., 2003) and S. antarctica N-05 T (Yu et al., 2008) were observed to be the closest relatives with sequence similarities of 99.0 %, 98.6 % and 98.4 % (12 out of 1457, 24 out of 1482 and 23 out of 1439 nt), respectively. All other species belonging to the genera Sporosarcina and Bacillus exhibited less than 97.0 % 16S rRNA gene sequence similarity. The close affiliation of strain PN2
T with P. quisquiliarum, P. macmurdoensis and S. antarctica was further supported by the phylogenetic analyses where in it formed a robust clade with a bootstrap resampling value of 100 % in neighbour-joining (Fig. 2) , minimum-evolution and maximum-likelihood analyses and 94 % in maximum-parsimony analysis. Thus the phylogenetic analyses tentatively indicated that PN2
T could be a strain of P. quisquiliarum (Krishnamurthi et al., 2009) or P. macmurdoensis (Reddy et al., 2003) or S. antarctica (Yu et al., 2008) . However, DNA-DNA hybridization between strain PN2 T and P. quisquiliarum, P. macmurdoensis and S. antarctica resulted in a similarity of only 42 %, 32 % and 38 %, respectively, clearly suggesting that strain PN2 T represents a novel species of the genus Paenisporosarcina (Stackebrandt & Goebel, 1994) . Besides the 16S rRNA gene sequence-and DNA homology-based results, strain PN2 T also exhibited a number of phenotypic differences from P. quisquiliarum, P. macmurdoensis and S. antarctica (Tables 1  and 2 ). Most importantly, strain PN2 T lacks PG but contains an unknown lipid (L1) (Fig. S1 available in IJSEM online) , which could not be stained with molybdenum blue or a-naphthol or ninhydin, and thus the strain can be easily differentiated from the rest of the species of the genus Paenisporosarcina. In addition, diagnostic characteristics such as red pigmentation and the presence of high amounts of C 16 : 0 and anteiso-C 15 : 0 , compared with previously described species, aids in assigning species status to strain 0.2 µm 
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Paenibacillus polymyxa NBRC 15309 T (AB271758) Reclassification of Sporosarcina antarctica (Yu et al. 2008) as Paenisporosarcina antarctica comb. nov.
Yu et al., (2008) classified the strain N-05
T as a representative of a novel species of the genus Sporosarcina since the cells were Gram-positive, rodshaped, non-motile and contained MK-7 as the major menaquinone, anteiso-C 15 : 0 as the major fatty acid and LLys and D-Glu in the peptidoglycan. However, the cells of N-05 T were non-motile and also contained C 16 : 1 v7c alcohol as the major fatty acid. Species of the genus Sporosarcina that are non-motile and contain C 16 : 1 v7c alcohol were classified as belonging to the novel genus Paenisporosarcina (Krishnamurthi et al., 2009) . Thus based on the above characteristics and also its robust phylogenetic association with the species of the genus Paenisporosarcina, the species Sporosarcina antarctica should be transferred to the genus Paenisporosarcina and renamed Paenisporosarcina antarctica comb nov. The species description is the same as that given by Yu et al. (2008) .
Description of
Description of Paenisporosarcina indica sp. nov.
Paenisporosarcina indica (in9di.ca. L. fem. adj. indica Indian, of India). Colonies are regular, opaque, red-pigmented (changing to white after a few generation for unknown reasons then changing back to red) and convex. Cells are Gram-positive, non-motile, rod-shaped and possess round subterminally located spores. Can grow at 0-25 u C with an optimum temperature of 20 u C. The pH range is 6-8 with an optimum of 7 and cells can tolerate a salt concentration of 4 %. The rods measure 2.5 mm in length and 0.5 mm in width (Fig. 1) 2.5 6.5 5.5 11.9 0.5 2 2 10.6 3.9 0.7 2.5 2 0.4 Summed feature 5 0. 5  2  2  2  2  2  2  2  2  2  2  2  2  Unknown  2  2  2  2  2 ninhydin) as major lipids and PL, L2, L3 and L4 as minor lipids (Fig. S1 ). The predominant isoprenoid quinone is of the MK-7 type. The fatty acid composition is given in Table 2 .
The type strain is PN2 T (LMG 23933 T 5JCM 15114 T ), isolated from a soil sample collected at an altitude of approximately 3500 m near the Pindari glacier in the Himalayas.
